We present the details of analyzing an S U L (2) U R (1) chiral theory with multifermion couplings on a lattice. An existence of a possible scaling region in the phase space of multifermion couplings for dening the continuum limit of chiral fermions is advocated. In this scaling region, no spontaneous symmetry breaking occurs; the \spectator" fermion R (x) is a free mode and decoupled; doublers are decoupled as massive Dirac fermions consistently with the S U L (2)
Introduction
Since the \no-go" theorem [1] of Nielsen and Ninomiya was demonstrated in 1981 the problem of chiral fermion \doubling" and \vector-like" phenomenon on a lattice still exists if one insists on preserving chiral symmetry. One of the ideas to get around this \no-go" theorem was proposed by Eichten and Preskill (EP) [2] ten years ago. The crucial points of this idea can be briey described as follows. Multifermion couplings are introduced such that, in the phase space of strongcouplings, Weyl states composing three elementary Weyl fermions (three-fermion states) are bound. Then, these three-fermion states pair up with elementary Weyl fermions to be Dirac fermions. Such Dirac fermions can be massive without violating chiral symmetries due to the appropriate quantum numbers and chirality carried by these three-fermion states. The binding thresholds of such threefermion states depend on elementary Weyl modes residing in dierent regions of the Brillouin zone. If one assumes that the spontaneous symmetry breaking of the Nambu-Jona Lasinio (NJL) type does not occur and such binding thresholds separate the weak coupling symmetric phase from the strong-coupling symmetric phase, there are two possibilities to realize the continuum limit of chiral fermions in phase space. One is of crossing over the binding threshold the three-fermion state of chiral fermions. Another is of a wedge between two thresholds, where the three-fermion state of chiral fermions has not been formed, provided all doublers sitting in various edges of the Brillouin zone have been bound to be massive Dirac fermions and decouple.
To visualize this idea, EP proposed a model [2] of multifermion couplings with S U(5) and S O (10) chiral symmetries and suggested the possible regions in phase space to dene the continuum limit of chiral fermions. However, the same model of multifermion couplings with S O (10) chiral symmetry was studied in ref. [3] , it was pointed out that such models of multifermion couplings fail to give chiral fermions in the continuum limit. The reasons 1 are that an NJL spontaneous symmetry breaking phase separating the strong-coupling symmetric phase from the weak-coupling symmetric phase, the right-handed Weyl states do not completely disassociate from the left-handed chiral fermions and the phase structure of such a model of multifermion couplings is similar to that of the Smit-Swift (Wilson-Yukawa) model [4] , which has been very carefully studied and shown to fail. It is a general belief [5] that the constructions [2, 6, 15] of chiral fermions on the lattice with multifermion couplings must fail to give c hiral fermions on the basis of a general opinion that multifermion couplings and Yukawa couplings should be in the same universality class. In fact, this opinion is indeed correct if one considers multifermion couplings and Yukawa couplings only for continuous eld theory in the sense that two theories have the same spectrum and relevant operators at the ultra-violate x point [7] . However, it is hard to prove this opinion by showing a one-to-one correspondence between two phase spaces of multifermion couplings and Yukawa couplings on a lattice, where they have the exactly same spectra and relevant operators not only for chiral fermions but also for doublers. Even for Yukawa couplings, models with dierent symmetries could be in dierent universality classes [8] . Generally speaking, multifermion couplings possess more symmetries than Yukawa couplings in a lattice theory. All symmetries of the Standard Model can possibly be preserved by m ultifermion couplings, but not Wilson-Yukawa couplings on a lattice.
We should not be surprised that a particular model of multifermion couplings does not work. This does not means that EP's idea is denitely wrong unless there is another generalized \no-go" theorem on interacting theories [9] for a whole range of coupling strength; we will come back to this point in section 6. Actually, Nielsen and Ninomiya gave an interesting comment on EP's idea based on their intuition of anomalies [10] . As a matter of fact, the phase space of multifermion coupling models of the EP type [2, 3] has not been completely explored. To conclude, we believe that further considerations of constructing chiral fermions on the lattice with multifermion couplings and careful studies of the spectrum in each phase of theories so constructed are necessary.
Note that exploring a possible scaling region of the continuum limit of lattice (non-gauged) chiral fermions in the phase space of multifermion couplings is the main goal of this paper 2 . This is tightly related to many problems in particle physics [11] . We are not pretending to solve all problems of lattice chiral gauge theories in this paper. If chiral fermions are gauged, the important questions concerning correct and consistent features of gauge bosons and the coupling between gauge bosons and chiral fermions are open, but beyond the scope of this paper. Other important questions [12] concerning about gauge anomalies and anomalous global currents (instanton eects and non-conservation of fermion currents), which EP [2] suggested to obtain by explicitly breaking the global symmetries associating to these currents, will be studied in separate papers.
In section 2, we present a model of chiral fermions with multifermion couplings on the lattice and discuss the R (x) shift-symmetry and its related Ward identity. The analyses of the weak-coupling phase and the strong-coupling phase are given in sections 3 and 4. The thresholds and wedges that EP expected are qualitatively determined and discussed in section 5. An existence of a possible scaling region for the continuum limit of lattice chiral fermions is advocated and discussed in section 6. In the last section, we make some remarks on problems and possible resolutions if this model is chirally gauged.
2 Formulation and the R shift-symmetry Let us consider the following action of chiral fermions with the S U L (2) U R (1) global chiral symmetry on the lattice. S = S f + S 1 + S 2 ;
(1)
In eq. (1), S f is the naive lattice action of chiral fermions, a is the lattice spacing and the S U L (2) chiral symmetry is actually local and can easily begauged X
but we will impose U (x) = 1 so that the S U L (2) is a global symmetry. S 1 and S 2 are two external multifermion couplings, where
In the action (1), i ]. The S 1 is similar to the mass term in lattice QCD and the second term is similar to the Wilson term. They are quadrilinear in order to preserve chiral gauge symmetries.
The action (1) has an exact local S U(2) chiral gauge symmetry, which is the symmetry that the continuum theory (the target theory) possesses. The global avour symmetry U L (1) U R (1) is not explicitly broken in eq. (1). When g 1 = 0 , the action (1) possesses a R shift-symmetry [13] , i.e., the action is invariant under the transformation:
R (x) ! R (x) + ; (5) where is independent of space-time.
To derive the Ward identity associated with this R (x)-shift-symmetry (5), we consider the generating functional W(;J)and partition functional Z(;J) of the theory, W(;J) = `nZ(;J); (6) 
where A (x) refers to the S U L (2) gauge eld (2) dened on the lattice. Then we dene the generating functional of one-particle irreducible vertices (the eective action ( 0i L ; 0 R ; A 0 )) as the Legendre transform of W(;J), (8) with the relations
; (9) (10) in which the fermionic derivatives are left-derivatives, and
In eqs. (9, 10) , the h i indicates
L + R R + R R + A J ; (13) which is an expectation value with respect to the partition functional Z(;J). Making the parameter to be space-time dependent, and varying the generating functional (6) according to the transformation rules (5) for arbitrary (x) 6 = 0 , w e arrive at
Together with (12) , the Ward identity in terms of the primed elds corresponding to the R shift-symmetry of the action (1) is given as 1 2a
(15) Based on this Ward identity, one can get all one-particle irreducible vertices containing at least one external R .
Taking the functional derivative of eq. (15) with respect to 0 R (0) and then putting external sources = 0 and J = 0 , w e derive (see appendix I): 1
where h i is the expectation value (13) 
Thus, the two-point function in eq. (16) (18) which shows that R does not receive wave-function renormalization.
3 The weak-coupling region
Our goal is to seek a possible regime, where an undoubled S U L (2) chiral gauged fermion content is exhibited in the continuum limit in the phase space (g 1 ; g 2 ; g ), where \g" is the gauge coupling, regarded to be a truly small perturbation g ! 0 at the scale of the continuum limit we consider. Thus, we impose g = 0 and
U (x) = 1 in eq. (2). In the weak-coupling limit, g 1 1 and g 2 1 (indicated 1 in Fig. 1 ), the action (1) denes an S U L (2)U R (1) chiral continuum theory with a doubled and weakly interacting fermion spectrum that is not the continuum theory we seek. Let us consider the phase of a spontaneous symmetry breaking in the weakcoupling g 1 ; g 2 limit. Based on the analysis of large-N f (N f is an extra fermion index, e.g., color, N c ) weak-coupling expansion, we show that the multifermion couplings in the action (1) undergo Nambu-Jona Lasinio (NJL) spontaneous chiral-symmetry breaking [14] . In this symmetry breaking phase indicated 2
in Fig. 1 , the S U L (2) U R (1) chiral symmetry is violated by
xe ipx h i L (0) R (x)i 6 = 0 : (19) Assuming that the symmetry breaking takes place in the direction 1 in the 2-dimensional space of the S U L (2) chiral symmetry ( 
The S U L (2) U R (1) chiral symmetry is realized to beU L (1) U(1) with three Goldstone modes and a massive Higgs mode that are not presented in this report [15] . The fermion self-energy function 
The wave-function renormalization Z 2 (p) of i
The wave-function renormalization of R (x) eld is xed by eq. (18) . Based on the Ward identity (15) of the R shift-symmetry, one can obtain an identity for the self-energy function i (p) (19) . Performing a functional derivative of eq. (15) with respect to 0i L (0) and then putting external sources = 0 and J = 0 , and we obtain (see eqs. (128, 129) in appendix I)
Transforming into momentum space, we obtain 1 2 ) from the four-fermion interaction, only the doublers of R (x) and i L (x) have a non-vanishing fourfermion interacting. We will come back to these two points in sections 5 and 6.
Owing to the four-fermion interaction vertex (27), the fermion self-energy function 1 (p) in eqs. (19) and (22) 
This broken phase cannot be a candidate for a real chiral gauge theory (e.g., the Standard Model) for the reasons that (i) 
The strong-coupling region
We turn to the strong-coupling region, where g 1 (g 2 ) are suciently larger than a certain critical value g c 1 (g c 2 ) (indicated 3 in Fig. 1 ). We can show that the i L and R in (1) are bound to form the three-fermion states i R = 1 2a
These three-fermion states are Weyl fermions and respectively pair up with R and i L to be massive, neutral n and charged i c Dirac modes, In order to study 1PI vertex functions containing the external legs of threefermion states (39), we dene the composite \primed" elds: the right-handed and charged three-fermion states as
and the left-handed and neutral three-fermion states as
Thus, 1PI vertex functions containing the external legs of three-fermion states (39),
; ; (43) are the truncations of the Green functions
; : (44) eqs. (43) are the most simple couplings between three-fermion states and elementary elds. Now, we study the propagators of composite Dirac fermions (40). As for the neutral composite Dirac fermion, its propagator is given as
(45) This propagator can be determined up to a wave renormalization function by the Ward identity of the R shift-symmetry. Taking a functional derivative of the Ward identity eq. (15) 
(49) which we have to calculate by adopting the strong-coupling expansion. For the purpose of understanding three-fermion bound states, we henceforth focus on the region (g 1 1; g 2 = 0). We make a rescaling of the fermion elds,
and rewrite the action (1) and partition function in terms of the new fermion elds
For the coupling g 1 ! 1 , the kinetic terms S f (x) can be dropped and we consider this strong-coupling limit. With S 2 (x) given in eq. (52), the integral of e S 2 x is 3 I thank Y. Shamir for discussions on these propagators.
given (see eq. (95) with (x) = 1 a n d g 2 ! g 1 in appendix III)by
(53) where \N" is the number of lattice sites. eq. (53) shows a non-trivial strongcoupling limit.
We now can perform the strong-coupling expansion in powers of 1 g 1 about this strong-coupling limit to calculate eq. (49). To all orders in this expansion, the spectrum of the theory only contains massive states (49,45) even though the S U L (2) U R (1) chiral symmetry is exact. We dene two-point functions in the propagator of the charged Dirac particle (49) to be S ij 
where for an arbitrary function f(x),
Transforming these two-point functions (54,55,56) into momentum space, (X = LL; ML; MM respectively) S ij 
where the chiral-invariant mass is M 1 = 2 g 1 a:
(68) The second two-point function in eq. (49) is given by, 1 2a 
which coincides, for g 2 = 0 and Z n 2 (p) = 1, with eq. (48) that is derived by using the Ward identity (15) of the R (x) shift-symmetry. eqs. (70, 71) show that the spectrum is vector-like and massive, consistent with the S U L (2) U R (1) chiral symmetry. In this strong coupling symmetric phase, all fermion modes including doublers and normal modes of i L (x) and R (x) are bound to bethree-fermion states and then form massive Dirac fermion states. The spectrum of normal modes and doublers is massive and vector-like. This is certainly not what we desire.
5 Wedges: dierent thresholds of forming threefermion states
The three-fermion states (39) are composed of three elementary Weyl modes through the multifermion couplings S 1 (x) and S 2 (x) (1). As expected by Eichten and Preskill [2] , due to the fact that the multifermion coupling S 2 (x) gives different contributions to the eective value of g 1 at large distances for the sixteen Fig. 2 ). In the case of g 1 = 0, the multifermion coupling associated with the normal modes of R (x) and i L (x) is very small (O(a 2 )).
These dierent thresholds g c 1 (g c 2 ) can bequalitatively determined by the following discussion. We consider a complex composite eld, A i = R i L ; (73) and its real and imaginary parts are four composite scalars (i = 1 ; 2)
These composite scalars and their propagators are determined by the two-point function of the theory,
For simplicity, we put g 2 = 0 and eq. (72) 
(as indicated in Fig. 1 ) where a phase transition takes place between the NJL symmetry-breaking phase and the strong-coupling symmetric phase.
As for the case g 2 6 = 0, the second multifermion coupling in eq. (72) has to betaken into account. We should not doubt that the thresholds g c 1 (g c 2 ) depend on the sixteen modes of i L and R . In order to see this phenomenon, we can eectively replace the coupling g 1 in eq. (81) by the coupling (72) involving g 2 .
As a result, the thresholds of binding three-fermion states can be qualitatively determined by 
as indicated in Fig. 1 . Certainly, these thresholds cannot be regarded as quantitative results obtained by precise computations.
Thus, as expected in ref. [2] , several wedges open up as g 1 ; g 2 increase in the NJL phase (indicated 5 in Fig. 1 ), in between the critical lines along which three-fermion states of normal modes and doublers of i L and R respectively approach their thresholds. In the initial part of the NJL phase (the deep NJL broken phase), the normal modes and doublers of the i L and R undergo the NJL phenomenon and contribute to eqs. (20, 21) , as discussed in section 2. As g 1 ; g 2 increase, all these modes, one after another, gradually disassociate from the NJL phenomenon and no longer contribute to eqs. (20, 21) . Instead, they turn to associate with the EP phenomenon and contribute to eqs. (70,71). The rst and last doublers of i L and R making this transition are p = (;;;)(86) and p = ( ;0;0;0) (87) respectively. At the end of this sequence, normal modes (p =p) make this transition (89), due to the fact that they possess the dierent eective multifermion coupling (72). There are two possibilities that one might expect to have the continuum limit of chiral fermions dened either on one of these thresholds or within one of these wedges.
Had these thresholds separated the two symmetric phases, (strong-couplings and the weak-coupling symmetric phases) we would have found a threshold over which an EP phase transition takes place, namely, the massless normal modes of the i L and R are becoming massive, while the doublers of i L and R have acquired chiral-invariant masses and decoupled (70,71). We would dene a continuum theory of massless free chiral fermions [2] on such a threshold. However, this is not the real case [3] for g 2 = 0, as has been seen in eq. (81), 2 > 0 turning to 2 < 0 a t g 1 = g c 1 = 2 indicates a phase transition between the strong-coupling symmetric phase and the spontaneous symmetry breaking phase, which separates the strong-coupling and weak coupling symmetric phases. Namely, there is no EP phase transition taking place over any one of those thresholds. This can be clearly seen (as shown in Fig. 1) by comparison of the thresholds of three-fermion states (83,86,87) and the NJL phase transition (37).
Had one of these wedges contained a spectrum in which all doublers of i L and R decouple as Dirac fermions by acquiring chiral-invariant masses (70,71) and the normal modes of i L and R remain massless and free, and within that wedge we would have obtained a continuous theory of massless free chiral fermions [2] . However, this seems not really the case for the reason that all these wedges from the deep NJL broken phase to the deep EP symmetric phase are continuously connected. These thresholds and wedges qualitatively determined cannot be considered to be very distinct for the spectrum of the theory, since there may be the coexistence of less tightly bound three-fermion states of doublers and unbound doublers, the possible strong uctuations of these three-fermion states and mixing between dierent modes.
Even within the last wedge, as indicated 5 in Fig. 1 , if we assume that there is a such region where the couplings g 1 and g 2 are suciently larger than the threshold for p =p. Due to the fact that chiral gauge symmetry is broken by the NJL phenomenon associated with the normal modes, the propagator of gauge bosons will not have the correct properties. Furthermore, when g 1 6 = 0, the normal mode of R is not guaranteed to completely decouple from that of i L . So far, we h a v e almost no possibility to nd a distinct threshold for the secondorder phase transition to dene the continuum limit for chiral fermions and a distinctly chiral-symmetric region in the phase space where a desired spectrum of chiral fermions exists. Nevertheless, a possible resolution of this undesirable situation could probably take place in a particular symmetric phase that is a segment in the phase diagram, where the doublers of i L and R have formed 
In order to show this segment could be a possible candidate for the scaling region of the continuum limit of lattice chiral fermions, we are bound to demonstrate the following properties of the theory in this segment:
1. the normal mode of R is a free mode and decoupled; 2. no spontaneous chiral symmetry breaking occurs ; 3. all doublers are strongly bound to bemassive Dirac fermions and decoupled consistently with chiral symmetry 
and rewrite the action (1) and partition function in terms of new fermion elds
For the coupling g 2 ! 1 , the kinetic terms S f (x) can be dropped and we consider this strong-coupling limit. With S 2 (x) given in eq. (94), the integral of e S 2 x can becomputed (see the beginning of appendix III)
where the determent is taken only over the lattice space-time and N is the number of lattice sites. For the non-zero eigenvalues of the operator 2 (x), eq. (95) shows an existence of the sensible strong-coupling limit. However, as for the zero eigenvalue of the operator 2 (x), this strong-coupling limit is trivial and should not be analytic and the strong-coupling expansion in powers of 1 g 2 breaks down. We consider the second property that this segment is entirely symmetric. The vanishing of the 1PI self-energy function (p) (19) indicates no spontaneous symmetry breaking of the theory. In sections 2 and 3, on the basis of both the Ward identity (25) of the R shift-symmetry and the explicit computation in the large-N f weak-coupling expansion (33), we show that this 1PI self-energy function (p) vanishes at zero momentum, provided g 1 = 0 , (p) = 0 ; p = 0 :
(96) Obviously, we need to show that this 1PI self-energy function (p) vanishes for p 6 = 0 in this segment a s w ell. For this purpose, we h a v e to calculate the following two-point functions
In appendix III,using the strong-coupling expansion in powers O( 
Similarly, we can prove the vanishing of the following two point functions
This demonstration can be straightforwardly generalized to show the vanishing of all n-point Green functions that are not S U L (2) U R (1) chirally symmetric. As a consequence, the segment is entirely symmetric and no spontaneous symmetry breaking takes place. Now w e turn to discussions of the third properties that all doublers are decoupled as massive Dirac fermions consistently with chiral symmetry. Analogously to the case g 1 1; g 2 = 0 in section 4, we need to compute the two-point functions (54,55,56) in the propagator of the charged Dirac fermion (49). Performing a strong-coupling expansion in powers of 1 g 2 above the non-trivial strong-coupling limit (95) for non-zero eigenvalues of 2 (x), we compute these two-point functions. Armed with the relations (152), (154) and (155) that are obtained in appendix III,in the lowest non-trivial order, we obtain following recursion relations S ij 
We solve these recursion relations (108,109, 110) and obtain 
which coincides, for g 1 = 0 and Z n that are composed of the normal modes of i L and R disappear. If these threefermion states were resonant states, the vacuum would be unstable. The only loophole would appear if the propagators of interpolating elds (three-fermion states) vanished at p =p = 0. But, this might describe massless ghost states with negative norm that couple to a gauge eld, leading to an inconsistent theory [18] . We leave this discussion open in this paper 5 . However, we would like to look at this point based on the point of view that is the essential idea presented in the original paper of Eichten and Preskill [2] to have chiral fermions in continuum limit. The question of whether the spectra of normal modes of i L (x) and R (x) are massless and chiral is crucially related to the question of whether the normal modes of the three-fermion states and we are left with the self-interacting vertex A j A jy A i A iy .
In this possible scaling region, the chiral continuum limit is very much like that of lattice QCD. We need to tune only one coupling g 1 ! 0 in the neighbourhood of the segment A g c;a 2 < g 2 < g c;1
2 . For g 1 ! 0, the R shift-symmetry is slightly violated, the normal modes of i L and R would couple together to form the chiral symmetry breaking term i (0) i L R , which is a dimension-3 renormalized operator and thus irrelevant at the short distance. We desire this scaling region to beultra-violet stable, in which the multifermion coupling g 1 turns out to be an eective renormalized dimension-4 operator [19] .
Some remarks
The conclusion of the existence of the possible scaling region (90) for the continuum chiral theory is plausible and hard to be excluded. It is worthwhile to check this scenario in dierent approaches. Even though this scenario emerges, we are still left with several other problems to have a correct continuum chiral gauge theory when the global S U L (2) chiral symmetry is gauged. Their possible resolutions are mentioned and discussed in this section, and deserve to be studied in future work.
The question is whether this chiral continuum theory in the scaling region could be the correct chiral gauge theory, as the S U(2) chiral gauge coupling g is perturbatively turned on in the theory (1) . One should expect a slight c hange of critical lines (points). We should beable to re-tune the multifermion couplings (g 1 ; g 2 ) to compensate these perturbative changes, due the fact that the gauge interaction does not spoil the R shift-symmetry and we can derive identities based on the Ward identity (15), L to be chiral at the continuum limit. We should be able to demonstrate this point on the basis of the Ward identities associated with the S U(2) chiral gauge symmetry that is respected by the spectrum in the possible scaling regime. In fact, due to the reinstatement of the manifest S U L (2) chiral gauge symmetry and corresponding Ward identities of the undoubled spectrum in this possible scaling regime, we should then apply the Rome approach [20] (which is based on the conventional wisdom of quantum eld theories) to perturbation theory in the small gauge coupling. It is expected that the Rome approach would work in the same way but all gauge-variant counterterms are prohibited; the gauge boson masses vanish to all orders of gauge coupling perturbation theory for g 1 = 0 . W e hope not to run into an inconsistent theory if the propagators of the three-fermion states which are composed of the normal modes of i L and R , positively vanish when p ! 0, i.e., the zero of these propagators at p = 0 i s a double zero.
Another important question remaining is how c hiral gauge anomalies emerge, although in this short report the chiral gauge anomaly is cancelled by purposely choosing an appropriate fermion representation of the S U L (2) chiral gauge group.
We know that in the doubled spectrum of naive lattice chiral gauge theory, the reason for the correct anomaly disappearing in the continuum limit is that the normal mode and doublers of Weyl fermions produce the same anomaly , so that these anomalies eliminate themselves [21] . As a consequence of decoupled doublers being given a chiral-invariant mass ( O( 1 a )), the surviving normal mode of the Weyl fermion (chiral-gauged, e.g., U L (1)) should produce the correct anomaly in the continuum limit. Due to the fact that the action (1) possesses explicit U L (1) global symmetry, we also have the question of whether the conservation of left-handed fermion numberwould beviolated by the correct anomaly [2, 22] structure trFF that is generated by the S U(2) instanton in the continuum limit.
We will discuses this crucial problem in a separate paper.
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Appendix I
To obtain eq. (16), we need to consider
where we utilize the relation (10), then 0
(124) Analogously, one can have, 0 
(127) because of an odd function integral.
To obtain eq. (24), analogously to eqs. (123,124,125), we need to calculate
Armed with these equations, we obtain eq. (24) in section 3.
Appendix II
Were-insert the parametrization of (30) 
The Feynman diagram (see Fig. 4 ) is given by, 
Appendix III
We k eep in mind that i L has two components and R has one component (all times a factor of 2 for spin degeneracy). In the strong-coupling limit, the kinetic
are dropped, the interacting action S 2 (x) (94) turns out to bebilinear in i L (x) fermion eld at the same point \x". We rst perform the integral of i L (x) (i xed) at the point \x"and obtain
where the determent det s is taken over spinor space. Then, the partition function of the one-site theory is given by the integral that is bilinear in fermionic variable 
where the determent det x is taken only over the lattice space-time and N is the numberof lattice sites. In order to obtain the recursion relations (57,58,59), (105,106,107) and (77) satised by t w o-point functions, we consider an integral of one eld j L (x) at the point \x" dened as 
We turn to consider the integral of the four fermion elds at site \x", P ij; 
We compute the following integral P j 
To have a non-trivial result, we need j L (x) and R (x) elds in the expansion of e S f x , and we obtain 
